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(A1) $(x, y)=(0,0)(=O)$ \leq (1) , , x- ,
$\{(x, y)\in \mathbb{R}^{2}\cross$
$\mathbb{R}^{2n}|y=0\}$ , (1) . x- [
$\dot{x}=J\mathrm{D}_{x}H(x, 0)$ (2)
$x=0$ . , $x\in \mathbb{R}^{2}$ [
$\mathrm{D}_{x}^{j}\mathrm{D}_{y}H(x, 0)=0,$ $j=1,2,$ $\ldots$ ,
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$\pm \mathrm{i}\omega$ . [ , $n\geq 2$ ,
$1 \leq|k|=\sum_{j=1}^{n}|k_{j}|\leq 4$
$k=(k_{1}, \ldots, k_{n}),$ $k_{j}\in \mathbb{Z},$ $j=1,$ $\ldots,$ $n$ , [
$k\cdot\omega=k_{1}\omega_{1}+\cdots+k_{n}\omega_{n7}\leq 0$
. , $\cdot$ ,
$\omega=(\omega_{1}, \ldots, \omega_{n})$ .
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2. $\overline{\Gamma}_{1\mathrm{o}\mathrm{c}}$ A $A_{t}$
(A4) $f(x, y)=J\mathrm{D}_{x}H(x, y)$
$p(x, \eta)=\frac{1}{2}\mathrm{D}_{y}^{2}f(x, 0)(\eta, \eta)-\prime 0\underline{A}$ , $\eta\in \mathbb{R}^{2n}$
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$\frac{\mathrm{d}\eta}{\mathrm{d}z}=\mp\frac{1}{\lambda z}J\mathrm{D}_{y}^{2}H(x^{\mathrm{h}}(\mp\lambda^{-1}\log z), 0)\eta$ (4)
. Moser [16] , [28].
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.
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). $\gamma^{0}=O,$ $H_{\alpha}=H(\gamma^{a})$ . , $H_{0}=H(0,0)=0$ ,
$\alpha=0$ $\mathrm{d}H_{\alpha}/\mathrm{d}\alpha>0$ .














$e_{1}=(1,0)^{\mathrm{T}}$ . , (
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3.4. $M(t_{0})$ , , $t_{0}=\overline{t}_{0}$ [
$M(\overline{t}_{0})$ $=0$ , $\frac{\mathrm{d}}{\mathrm{d}t_{0}}M(\overline{t}_{0})\overline{7}\leq 0$ (8)
. , $\alpha>0$ , H=H
$\gamma^{a}$ ,
.
$H$ 1 $\mathrm{V}$ $\backslash$
[17].
3.3.





$Q^{-1}B_{0}Q=(\begin{array}{ll}\mathrm{e}^{\mathrm{i}\theta} 00 \mathrm{e}^{-\mathrm{i}\theta}\end{array})$ (9)
$\theta\in \mathrm{S}^{1}$ .
36. $M(\overline{t}_{0})=0$ $\overline{t}_{0}\in \mathbb{R}$ .
\gamma $\mathit{0}_{\pm}$ , $\gamma_{t}$ $O^{-}$ $O^{+}$
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, $M(t_{0})$ ,
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3.8. (1) $\}$ .
(i) $\overline{\Gamma}_{1\mathrm{o}\mathrm{c}}$ (G1 )0 .
(ii) $M(t_{0})$ .








$n\geq 2$ . (A2) , $O$ $\mathrm{V}$ ‘
$(x, y)\in \mathbb{R}^{2}\cross \mathbb{R}^{2n}arrow(s, u, I, \psi)\in \mathbb{R}\cross \mathbb{R}\cross \mathbb{R}^{n}\cross \mathrm{T}^{n}$ , $\nearrow\mathrm{o}$ [
Graff [6] .
$H(s, u, I, \psi)=\lambda su+\omega\cdot I+\frac{1}{2}(AI\cdot I)+g(s, u, I, \psi)$
, $A$ $n$ , $g$ $s,$ $u$ $I$ 2
, ($x$ ) $I\overline{7}^{-}\angle 0$ .
.
(A5) $A$ .
, Fenichel $[4, 5]$ ( [22] ) KAM
$[1, 18]$ , $W^{\mathrm{c}}(O)$ $O$ ,
$k\cdot\nu>c|k|^{-\tau}$ , $k\in \mathbb{Z}^{n}$ , $k_{\overline{\Gamma}}\sim 0\angle$ (10)
, $\omega$ $\nu$ $ff_{\nu}$
. , $c>0$ $\tau>n-1$ , $\nu=(\nu_{1}, \ldots, \nu_{n})$ .
$\mathit{0}$
$y$ (5) , $\Phi$ $2\pi$
, $\Phi(0, \ldots, 0)=\mathrm{i}\mathrm{d}^{2n}$ , $\Phi(\omega_{1}t, \ldots, \omega_{n}t)$
. $n=1$ ,
$B_{\pm}= \lim\Phi(-\omega t)\Psi(t)$ (11)
t\rightarrow 0
, $B_{0}=B_{+}B_{-}^{-1}$ . $e_{j}$ , $J_{n}\mathrm{D}_{y}^{2}H(0, 0)$ $\pm \mathrm{i}\omega_{j}$
$2n$ , $r=(r_{1}, \ldots, r_{n})\in \mathbb{R}_{+}^{n}(=$
$\prod_{j=1}^{n}(0, \infty))$
$\overline{\eta}_{r}=\sum_{j=1}^{n}r_{j}e_{j}$
. , $\eta\in \mathbb{R}^{2n}$
$q( \eta)=\frac{1}{2}\mathrm{D}_{y}^{2}H(0,0)(\eta, \eta)$
. , $M(\theta;r)$ .
$M(\theta;r)=q_{0}(\overline{\eta}_{r})-q_{0}(B_{0}\Phi(\theta)\overline{\eta}_{f})$ (12)
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5. $\mathrm{t}\backslash -$ : $U_{j},$ $j=1,$ $\ldots,$ $N$ , $\text{ }-$
.
[26].
4.1. (i) $(\theta, r)=(\theta_{0}, r_{0})\in \mathrm{T}^{n}\cross \mathbb{R}_{+}^{n}$ ,
$M(\theta_{0;}r_{0})=0$, $\frac{\partial}{\partial\theta_{j}}M(\theta_{0;}r_{0})7^{-}0\lrcorner$ , $j=1,$ $\ldots,$ $n$ (13)
$\text{ }$
. . , $\mathit{0}$ , , $\omega$
(10) , $\nu^{1}$ $\nu^{2}$
$\text{ }-$
$ff_{\nu^{1}}$ $\mathrm{t}2$ , $ff_{\nu^{1}}$ $W^{\mathrm{u}}(ff_{\nu^{1}})$ $*r_{\nu^{2}}$
$W^{8}(*r_{\nu^{2}})$ . , $\tilde{\theta}_{0}\in \mathrm{T}^{n}$
$\Phi(\tilde{\theta}_{0})\overline{\eta}_{f}=B_{0}\Phi(\theta_{0})\overline{\eta}$, , $\nu^{1}=\nu^{2}(=\nu)$ , ,
$ff_{\nu}$ .
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, (13) $(\theta_{0}, r_{0})=(\theta^{j}, r^{j}),$ $j=1,$ $\ldots,$ $N-1$ , , ,
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, $O$ , , $\omega$ (10)
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$\dot{x}_{1}=x_{2}$ , $i_{2}=x_{1}-(x_{1}^{2}+\beta_{1}y_{1}^{2}+\beta_{2}y_{2}^{2})x_{1}$ ,
(14)
$\dot{y}_{j}=y_{j+2}$ , $\dot{y}_{j+2}=-\omega_{j}^{2}y_{j}-\beta_{j}(x_{1}^{2}+\beta_{1}y_{1}^{2}. +\beta_{2}y_{2}^{2})y_{j}$, $j=1,2$
, $\beta_{j},$ $j=1,2$ , , $\nearrow\mathrm{o}$
$H(x, y)= \frac{1}{2}(-x_{1}^{2}+\omega_{1}^{2}y_{1}^{2}+\omega_{2}^{2}y_{2}^{2})$
$+ \frac{1}{4}(x_{1}^{2}+\beta_{1}y_{1}^{2}+\beta_{2}y_{2}^{2})^{2}+\frac{1}{2}(x_{2}^{2}+y_{3}^{2}+y_{4}^{2})$ ,
. (14) $\mathrm{V}$ ‘ ([ )
3 [24].
(14) $x$
$i_{1}=x_{2}$ , $i_{2}=x_{1}-x_{1}^{3}$ , (15)
, 6 . , $x$ $x=0$ 1
$x_{\pm}^{\mathrm{h}}(t)=(\pm\sqrt{\frac{2}{\beta_{0}}}$sech $t,$ $\mp\sqrt{\frac{2}{\beta_{0}}}$sech $t\tanh t)$
. , $y$ $O$ 4 ’L“
, (14) $y$




. , 3 , (16)
[29]. , (A1) (A2), (A4) , ,
(A5) [27]. , (A3) .









, $\omega_{1}=1,$ $\omega_{2}=(\sqrt{5}-1)/2$ ( ) , $\sqrt 1=0.5$ , $=1.5,$ $H=0.\mathrm{O}1$
. , “DOP853” [8] .
. 8 , 3
5 . $10^{-8}$ $\iota\backslash$ ,
, $\dagger \mathrm{b}1\mathrm{h}$ $t\sim 10^{6}$ $10^{-9}$ % .
, 5 $\{(x, y)\in \mathbb{R}^{2}\cross \mathbb{R}^{4}|y_{2}=0, y_{4}>0\}$ .
, $y_{2}(t_{n-1})<0$ $y_{2}(t_{n})\geq 0$
$[t_{n-1}, t_{n}]$ , $|y_{2}|<10^{-8}$ .
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$\grave{\grave{1}}$ , 9(b)& [ $\grave{\grave{1}}$
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10. 2 $y$ 2
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